Abstract-Several microbial associations were obtained from natural and anthropogenic sources. All of the associations grow well on glucose and significantly worse on acetate. We observed 80-95% glucose consump tion during 3-5 days of growth. The oxidation of substrates by the cultures generates an electric potential dif ference between anode and cathode electrodes of a microbial fuel cell (MFC). The value of the potential dif ference depends on the nature of the association and the substrate and reaches 400-500 mV. The potential difference generation accompanied by a shift to the negative region of the medium redox potential (E h ) to ⎯ (400-500) mV. This indicates H 2 evolution by the association cultures during oxidation of carbohydrates. Artificial redox mediators, such as tetramethyl-p-phenylenediamine, phenazine methosulfate, and benzyl viologen, were able to increase up to 15% the difference in electrical potential across the electrodes of the MFC. It is assumed that an increase in the potential difference across the electrodes induced by the redox mediators is due to their direct involvement in the transfer of electrons from the bacteria in the incubation medium to the MFC anode electrode. The direct measurement of current and potential difference on the electrodes in a short circuit mode shows that the internal resistance of the MFC is equal to 1 kΩ and the power reaches 5 μW. Undoubtedly, this testifies to the low efficiency developed by the MFE.
INTRODUCTION
The search for alternative renewable energy sources lead to the discovery of the ability of microorganisms to generate electrical current during anaerobic oxida tion of organic substrates in the devices referred to as microbial fuel cells (MFC). In these devices, microor ganisms and substrates of oxidations are under anaer obic conditions in an anode chamber, while a cathode chamber, in contrast, is under aerobic conditions. Both chambers are separated by an ion selective membrane permeable for protons. The microorgan isms shed electrons at the anode, and, then, the elec trons are transferred to the cathode through an electric circuit [1] .
Communities of anaerobic and facultative anaero bic microorganisms are isolated from natural and anthropogenic sources for MFC functioning [2] [3] [4] . These associations contain electrogenic organisms of different families: Geobacteraceae, Enterobacteri aceae, Pasteurellaceae, Clostidiaceae, Aeromono daceae, and Altermonadaceae [1] , as well as Proteo bacteria and Acidobacteria [5] . Oxidation substrates for electrogenic bacteria could be represented by alco hols, organic acids, and sugars.
The value of the electric current in the MFC depends on the origin of the oxidation substrate. Dif ferent values of the electric current were obtained using butyrate, propionate, acetate, and ethanol [6] . The electron transfer to the anode can occur at a direct physical contact of electrogenic bacteria and electrode material. Thus, the cells of the bacteria of the Geo bacter sp. interacting with the electrode use periplas mic c type cytochromes as a metal reductase. These bacteria are situated on the anode surface and use their pili to transfer electrons to the electrode [1] .
Electrogenic bacteria also can interact with the anode through redox mediators, such as thionine, methyl viologen, humic acids, neutral red, etc. [7] . Escherichia coli and Proteus vulgaris can generate an electrical current in the MFC using thionine and 2 oxy 1,4 naphthoquinone as redox mediators. The cells of the cyanobacteria, Anabaena variabilis, in the light can also supply electrons to the anode using 2 oxy 1,4 naphthoquinone, while the Desulfovibrio desulfuricans cells can using viologen dyes [8] . The presence in the MFC of the accompanying microf lora, together with the electrogenic bacteria, affects the value of the electrical current in the MFC [1] current generated by Brevibacillus cells depends on the presence in the medium of the phenazine mole cules released by Pseudomonas cells. This compound possesses the properties of a redox mediator and pro motes the transfer of electrons from the electrogenic bacteria to the anode electrode [9] .
MATERIALS AND METHODS Objects of research were represented by natural associations of microorganisms isolated from soil and silt samples:
(1) peat from the high moor in Tver' oblast' (TA); (2) silt from settling tanks of Tulachermet Science and Production Association (TIO); (3) medicinal silt from the Bol'shoy Tambukan Lake in Stavropol' Region enriched in heterotrophic bacteria Pseudomonas sp. (IOM); and (4) silt of the coastal zone of the White Sea (BA). Accumulative cultures of the associations were obtained as described earlier [10] . The carbohydrate content in the culture medium of the associations grown on a shaker was determined using an anthrone reagent [11] photometrically within a range of 620-670 nm. The pH and redox potential (E h ) were mea sured by a Cole-Parmer electrometer (United States). To determine the pH, a combination glass electrode was used; E h of the medium was measured by a Pt elec trode with an Ag-AgCl reference electrode (all the electrodes produced in Russia).
The microbial associations were also cultivated in 2.5 L chambers of a MFC given by V.V. Fedorovich. The chamber contained in one of the side walls a cath ode electrode separated from the chamber by an ion selective membrane. An anode electrode represented a synthetic tissue with an area of approximately 80 cm impregnated by an activated carbon and connected with a carbon rod. The electrode was within the cham ber, and the rod was at the outer side of the cover. Inserted into the cover was also a platinum electrode and an Ag-AgCl reference electrode relative to which the medium E h is measured. A digital voltmeter recorded an electric potential difference (EPD) between the anode and cathode electrodes.
The chamber had 25 mL of a concentrated suspen sion of the microbial association under study put into it and, then, was filled with the medium containing 0.15 M K 2 HPO 4 (pH 5.2-5.3) and, as an oxidation substrate, glucose and acetate in concentrations 15 and 3 g/L, respectively. The cultivation was performed for 6-7 days at room temperature under stirring with a magnetic stirrer at a rate of 90 rpm. The culture biom ass grows within the chamber volume in the form of flakes at the chamber bottom and on the surface of the tissue of the anode electrode.
RESULTS AND DISCUSSION
Earlier it was shown [10] that the cultures of the microbial associations TA, TIO, and IOM effectively oxidize carbonhydrates of an alcohol stillage with for mation of volatile fatty acid, mainly, acetate. These cultures, as well as the culture of the BA association, grow on the medium with glucose in the MFC cham ber and generate an electric potential difference between its electrodes.
As can be seen from Fig. 1 , the EPD between the anode and cathode electrodes of the MFC with an anode minus grow rapidly and reach maximal values of approximately -400 mV in 50-100 min of incubation of the TA culture (at a transition to a steady state level). The E h of the medium increases similarly reach ing maximal values of approximately -300 mV.
The table represents the data on steady state values of the EPD and value of E h of the medium for the asso ciation cultures studied incubated with glucose or ace tate as an oxidation substrate. The EPD and E h value for the cultures of the TA, IOM, and TIO associations on the medium with glucose reach high values, while these parameters are significantly lower for the BA associations. The values of the EPD and E h of the medium for the association cultures incubated with acetate differ significantly. On the one hand, the potential difference is 1.5-2 times lower as compared to that on the medium with glucose, while, on the other hand, the value of the redox potential of the medium not only cardinally reduces with respect to its absolute value during the incubation of the cultures with acetate (except for the TA culture) but also shifts to the region of positive values (table) .
Such a nature of the dependence of the EPD and E h of the medium on the origin of the oxidation sub 
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Potential difference(1) and (2) medium E h , mV strate seems to be caused by the presence in the com position of the associations of primary anaerobes, which during glucose oxidation together with organic acids (mainly, acetate) form CO 2 and, with hydroge nase involved, H 2 [1] , and the substrates released are oxidized by secondary anaerobes [12] . The formation of H 2 should result in a significant shift of the redox potential of the medium toward the region of negative values, since the E h value for the medium saturated with molecular hydrogen is approximately -800 mV. Oxidizing acetate, a poor substrate in the term of energy, only CO 2 is formed, and the number of elec trons transferred to the anode appears to be signifi cantly lower than that during glucose oxidation.
The pH values of the association culture both on the medium with glucose and acetate hardly change (data not given) but significantly differ in the rate and nature of glucose oxidation (Fig. 2) . The IOM and BA cultures possess a relatively weak activity, and the greatest activity is manifested by the TA and TIO cul tures. These data are in agreement with the changes of the potential difference and E h of the medium for the cultures incubated on the medium with glucose (table). It should be noted that the TIO microbial association modified by us, which was formed from the Tambukanskii silt association described earlier [10] and the culture of gram positive bacteria Pseudomonas sp. isolated from the silt from the settling tanks of the Tulachermet Science and Production Association resistant to a toxic effect of a number of heavy metals [13, 14] , was found to be the most effec tive in regards to both glucose oxidation and decrease in the E h of the medium.
Electrogenic bacteria-probably, not only-could interact with the anode electrode through intermediate redox electron carriers (redox mediators). They include both natural and artificial compounds [1, [7] [8] [9] .
Since the value of the redox potential of the medium varies within wide limits depending on the culture of the associations studied and oxidation sub strate, to study artificial redox mediators N,N,N',N' tetramethyl p phenylenediamine (TMPD), phena zine methosulfate (PMS), and benzyl viologen, which are widely used as electron carriers penetrating biolog 2.0
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Carbohydrate content, g/L ical membranes, is of interest. These compounds effectively function in different ranges of E h of the medium close to the values of their standard redox potentials: in a range of 100-200 mV for TMPD, 0-(-100) mV for PMS, and -(300-350) mV for benzyl viologen. Figure 3 shows a dependence of the potential dif ference between the MFC electrodes on the TMPD concentration for the IOM culture incubated with acetate under the conditions when E h of the medium is approximately 180 mV. The redox mediator was added when the EPD and E h of the medium reached a steady state, as was shown in Fig. 1 . This compound at a concentration of 20 μM increases the potential dif ference by ~10%, but it does not affect the E h value (data not given). The TMPD does not affect the changes of the EPD generated by the association cul tures on the medium with glucose (data not given), which is caused by low values of E h of the medium constituting for different cultures according to the data of the table -(330-400) mV. At these values of E h of the medium, a nonsignificant part of the TMPD is in the oxidized form, since the difference between E h of the medium and standard redox potential of the mediator is greater than 200 mV, and, thus, the con centration of its oxidized form is by several orders of magnitude lower than that of the reduced form of the mediator. Due to this reason, at negative values of E h of the medium, the TMPD cannot be involved in the electron transfer from the microbial cells situated in the medium volume to the surface of the anode elec trode.
Addition of the redox mediator PMS in a range of concentrations of 2-12 μM made it possible to obtain a growth in the potential difference between the MFC electrodes of approximately 15% at E h values of the medium of approximately -80 mV (Fig. 4a) . The effect of benzyl viologen with a standard redox poten tial of approximately -330 mV is observed for the TA culture on the medium with glucose at an E h value of the medium of approximately -360 mV. Within a con centration range of benzyl viologen of 2-40 μM, an increase in the EPD between the MFC electrodes does not exceed 3-4% (Fig. 4b) .
Thus, these data make it possible to conclude that artificial redox electron carriers, such as TMPD, PMS, and benzyl viologen, are able-depending on the E h value of the cultivation medium of complex microbial associations-to stimulate the formation of an EPD between MFC electrodes, probably, as a result of a shuttle electron transfer from the bacteria in the medium to the surface of the anode electrode. Taking into account the complex composition and features of metabolism of the natural microbial associ ations we used, is not possible to determine the effi ciency of the MFC device. At the same time, it is quite possible to determine a number of electric parameters describing the system as a whole. Figure 5 demon strates a current-voltage curve of the MFC. It repre sents a linear dependence of the load current on the potential difference between the electrodes with a cor relation coefficient >0.99. The direct measurement of the current and potential difference in a short circuit mode shows that the internal resistance of the MFC is approximately 1 KΩ and the power reaches 5 μW.
